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Abstract

This research studied the synthesis and characterization of CeO, nanocatalysts
with different morphologies for CO, and methanol conversion to dimethyl carbonate
(DMQ). Firstly, CeO, catalysts were synthesised by hydrothermal and precipitation
methods. In the hydrothermal synthesis, precursor cerium nitrate hexahydrate
(Ce (NO3)5-6H,0) was mixed with different types of capping agents including urea
(CHqN,0) cetyltrimethylammonium bromide ([(C16H33)N(CH,)s]Br; CTAB), oxalic acid
(C,H,0q), and sodium phosphate dodecahydrate (NasPOq 12H,0) After that, the
solution was transferred to autoclave and heated at 120 °C for 8 hours and 220 °C for
12 hours. For the precipitation synthesis, ammonium cerium(IV) nitrate (Ce(NHz)NO4)s
was precipitated in 0.5 M sodium hydroxide (NaOH) solution. Then the as-prepared
products were calcined at 600 °C for 2 hours. X-ray diffractometry (XRD) results showed
that all samples were the CeO, with cubic fluorite structure. Fourier transform infrared
spectroscopy (FTIR) showed characteristic vibration of Ce-O for CeO, in all samples.
Thermogravimetric analysis (TGA) showed the phase transition of CeO,. The results
from scanning electron microscopy (SEM) and transmission electron microscopy
(TEM) showed that CeO, - Urea and CeO, — Urea + CTAB had spindle shape,
Ce0, - Oxalic acid had nanorod shape, CeO, — Na;PO, 0.1 M and 0.25 M had mixed

shape of nanooctahedral and nanorod and CeO, - Precipitation was agglomerated



nanoparticles. Optical properties examined by UV-Vis spectroscopy showed that the
band gap energy (Eg) of the catalysts was varied between 2.25-3.04 eV.

Keywords : Cerium oxide, Capping agents, Hydrothermal process, Precipitation process
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frog1edu TnsfimsdunuuBavavesiusy P-O fidaeUstanal 900 cm FsonainludiFou-
NoaN®m (CePOy) Pllaanedmdansiuaale LLaxmnﬂixmumsmimﬂmxnauﬁqdauLLax
naanswnaalel CeO, - Precipitation wm’wﬁﬂmmscﬂmﬂﬁuuaaﬁuamﬁuané’mm"uaa
Fi3vueanled vonmniifmuitiietenounisimuaaley fraenispandunasiiiaduin
venuilonndetmdawiuaaley esnidussdussnovvesasassu e woluion-
F3uV) luese nraneTsinsuasuwaniminvesarstasendeautiniaiiy

$ou (Thermogravimetric analysis; TGA) wu11 CeO, - Urea uaadlwiiuindnisgode
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dhwinannilgausznnferay 23.54 flgamgl 278.72 ssrwaidua Juinnnsaaed
geuhlulaswaauandunnudsuasignmeandiSenlensenledaiueiun (Ce(OHICO,)
IWudiSeueenlas (CeO,) dau CeO, - Precipitation uam‘lﬁtﬁuiﬂﬁqmmﬁ 60.71 9971-
wadea Snsgadodminuniigaussnaiesas 16.53 Fafnnnisaanedavesiuaz
lawnsneenles waziilunsieasugustmsdaugiuinesndesqansimidiinasounuy
d8ansn (SEM) wasndesyanssmiBiinasounuudeitu (TEM) wudi CeO, - Urea igunse
LUUNSEAae (spindle) 14 uLAEIRY CeO, - Urea + CTAB udioyniaad ovi Ldnnin
CeO, - Oxalic acid H3Unsaduuvia (nanorods) CeO, - NazPO, 0.1 M ffu 0.25 M fldans

b
v Vv a

Fruddoulunsamnududusiatiud 0.1 fu 0.25 Tuand figusreymaldunsseennys-
A598 (nanooctahedral) s"mﬁ'uwiaLtﬁaﬁmsnfjuﬁutﬂiutﬁmﬁu us CeO, — NasPO, 0.1 M
fiaumeymaidnnin wazgavie CeO, - Precipitation figusweymauluniznguiu 910
nsilunsiadeusinesdUsznoudasmaia EDS wusindiSsuuazeandiau adu
ssrUsznouvesdiSeusenles gavinehlufnwaudimuasiemeaingi-dddaanins-
awuninsalnd (UV-Vis) wm'wﬂ'wm'scgmnﬁ'uLLawam?hLs'aﬂﬁﬁ%muﬂw‘&ﬁauaaan“l%dﬂga 6
fro89 aglutrsmuemady 375-24 unluwns dethAawnadundnnameadesing
FENINUOUNAAU (energy gap; Eg) WU CeO;, - Urea IAIYBITNTENINUAUNA 19U
WiNAU 2.79 eV CeO, - Urea + CTAB Ay 2.82 eV CeO, - Oxalic acid anvifiu
2.69 eV CeO, — NasPO4 0.1 M AU 0.25 M HiAuvniu 3.04 U 3.02 eV m1uainu way
Ce0, ~ Precipitation SA1YAY 2.25 eV 1815 84A19 0431958 MU UNS 197UINLN
TUdes wu11 CeO,- NasPO, 0.1 M > CeO, — NasP0,0.25 M > CeO, - Urea + CTAB >
CeO, - Urea > Ce0, - Oxalic acid > CeQ, - Precipitation #ua19y ?ian’ﬁﬁﬁ"llﬁlﬂﬂﬁﬁ?m
uludiFoneenlesdantimuasiuandstuiurauaneimdundn armuians ua
sUswvesdiFousenludfiunnsnaty
safufnmmsdaanyiuaznisnsaiigaiiendnualvesiasfitounludiFou-
panlyd Aflsuranuusng 4 aunsoagdleo ilavesasnaiu Fvuisensan gumgl
Lazian AaeAIUNsTUIUNSluMsdaasIed vnegndiuilnase autAnarguinaesdiisg

aaa A
UfiseuludGeueanlenudsuudasly

5.2 datauauue

5.2.1 pasthdadafatenludiGeusenlediidanseils Wldndadulawia-
arduaiua (OMO) sntuthluliesesiseiniowfalasuilnsns il (Gas chromatography;
Q) Woldlumsnmatauszans nmmvesdusewfisounludSousenledlunisdunsisi

Taufiaaisuaiun (OMO) Tnensaanuiannsuaulneenleniasiuniuea
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522 ﬁnwnﬁ'uLﬁumsz%‘aﬁmswzﬁaLUansaIanwaaaqmﬂﬁtﬁnmsauﬁgn
JanUaouiedadiond (X-ray photoelectron spectroscopy; XPS) tfio3iasesiuasfnw
94AUsENOV (Elemental composition) wazan1uzniauail (Chemical state) waqﬁmﬁlﬂu
parUsznovluasmetvesisafisenuludiseueanlen

5.2.3 Anvufiudunisldiadea BET (surface area and porosity analyzer) iold
pyvdBURURR AT NTUTaNR s T TudiGoueenlesiifisuseuuusn 4

5.2.4 Anw A udunisldmaialusunsugumgd (Temperature programmed
desorption; TPD) edasssianudunsa-lua qu‘ivuﬁﬁwaqéf';Ls'wﬁﬁ%muﬂu%L%'au-
ponlen

5.2.5 msviimsdsdiSoneenledudnnsdaasieildazeradouilvldnu e

MdnasweawaianAeee
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annaz i ANWUSNINIYAN
1 CeO, - Urea nadindesoou
2 CeO, - Urea + CTAB pedindoeau
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i CeO, - Na;P0, 0.1 M Nadndotoou
5 CeO, — NasPO, 0.25 M G R GLNGR!
6 CeO, - Precipitation ARG VAREUHY




71

AANUIN U

 mseuanasiidlunisdauasiei

1. m3frnsisuiisenludiGeueenlen
msemaimindsiisenTudidoueenleiic 6 fege liud gide gierd
Fialnswiaueuluiioaluslud nsneenendn TodsueaialnsldarsmesudiFonluias
aududusinaiud 0.1 fu 0.25 Wwand uaznszuaunisnmsanagney welddaiaszsiiaiss
Uisendwiuidsuufansueulaeenleduazumueaiulauiiansueiunlngmse
1.1 nswssudasauiisonuludiGoueanlen dragn CeO, - Urea
814 Ce(NO3)5-6H,0 2.6 mmol
lvLaluanaved Ce(NOs)y6H,0 A 434 ¢/mol
ot 190310 Ce(NOL);-6H,0 {u (2.4 x 10%) x 434 = 1.0416 ¢
97l Urea (CHoNO,) 6.4 mmol
LavanaluaNaved Urea Ae 60 ¢/mol

sau T3 Urea 1Wu (6.4 x 10%) x 60 = 0.3840 g

[ »
L4 o v aaa )

Fothu Swauasiaduiidesld Ao Ce(NOs)s6H,0 1.0420 ¢ Wnshefviufisesu
#io Urea 0.3840 g
1.2 maeseudisaiisenniudiGeusonled faegn CeO, - Urea + CTAB
g Ce(NO3)56H,0 2.4 mmol
waluanaves Ce(NOs)y6H,0 Ad 434 g/mol
ety 14USan0 Ce(NOL)-6H,0 tu (2.4 x 10%) x 434 = 1.0416 ¢
e Urea (CHoNO,) 6.4 mmol
lagaaluanaved Urea Ao 60 ¢/mol
ety 190361 Urea (U (6.8 x 10) x 60 = 0.3840 ¢
gl CTAB ([(C16H33N(CH3)s1Br) 2.4 mmol
lavaalaanases CTAB Ae 364 ¢/mol
sy WU3ues CTAB T (2.4 x 107) x 364 = 0.8736 ¢
oty S1uumIResuRedld Ao Ce(NO,)-6H,0 1.042 ¢ s dvinugisens

79 Urea 0.3840 g fiu CTAB 0.8736 ¢
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1.3 maleseusisesuiiseunludizeneenlen et CeO, ~ Oxalic acid
0114 Ce(NO,);-6H,0 2.4 mmol
tavinaluanayed Ce(NOs)s6H,0 Ao 434 ¢/mol
ety MU0 CelNO)5-6H,0 (D (2.4 x 107) x 434 = 1.0416 ¢
e Oxalic acid (C,H,04) 6.4 mmol
lavanaluianaved Oxalic acid Ap 90 ¢/mol
Fathu 1 U3 Oxalic acid 18 (6.4 x 10%) x 90 = 0.5760 ¢
sl SunuanseaduRaedld Ao Ce(NO,),-6H,0 1.0420 ¢ {RuseivifATendu
#® Oxalic acid 0.5760 ¢ '
1.4 nsip3euiuseufisenuniudiseusenles diog1e CeO, — NasPO, 0.1 M
ol Ce(NO3)5:6H,0 5 mmol
lavIalutanaved Ce(NO,)6H,0 Ao 434 ¢/mol
ot TSI Ce(NOL)-6H,0 1T (5 x 10) x 434 = 2.1700 ¢
014 Sodium phosphate (Na;PO4-12H,0) 0.25 mmol
tavaluanaved Sodium phosphate #9380 ¢/mol
st TS0 NasPO,-12H,0 1T (0.25 x 10%) x 380 = 0.0950 ¢ =
oty SauansdasuRdesld Ao Ce(NO;),6H,0 2.1700 ¢ Wity fAsensau
A® NasPO,4-12H,0 0.0950 ¢
1.5 m%m%‘auﬁaLéwﬁﬁ%muﬂu"i‘jﬁauaanlmﬁ 0819 CeO, — NasPO, 0.25 M
0114 Ce(NO,);-6H,0 12.5 mmol
tavsaluianaved Ce(NOs)x6H,0 fip 434 ¢/mol
st MHUS 0 Ce(NOL)y-6H,0 W (12.5 x 107) x 434 = 5.4250 ¢
914 Sodium phosphate (Na;PO,-12H,0) 0.625 mmol
1av3alianaves Na;PO, 12H,0 fip 380 g/mol
ety 1030 NasPO,12H,0 1 (0.625 x 10) x 380 = 0.2375 g

ity Sauansnssiuiiciodld Ao Ce(NO,)y6H,0 5.4250 g udmusavinujizensau

A8 NasPO,-12H,0 0.2375 ¢
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1.6 mawstuiisaUiiseunludiGuseanles faeg1e CeO, - Precipitation
0149 Ce(NH4),(NO5)s 0.01 mol
wvaalulanauas Ce(NHg)ANO,) @ 548 g/mol
et 1U5u10s Ce(NHo),(NO,)s 1 0.01 x 548 = 5.4800 ¢
114 Sodium hydroxide (NaOH) 0.625 mmol
tavanaluanaved NaOH fis 40 ¢/mol
oy 14U3ne NaOH i 0.075 x 40 = 3.000 ¢
Fadu Snuaseesundedld Ae Ce(NH.)NOL) 5.4800 ¢ Wumgsviuizensin

Ao NaOH 3.0000 ¢
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ANARNUIN A

msﬁ'\mmnwmmamﬁqawaéuazw'mwﬁn

NSAUIUMITUIATBINYIBLYAE (lattice constant) vasias U ATanunludiTen-

pnlYs 1 6 fot vildlaensldgnsil

4 a
ans = —
v vh2+ k2 +12

ol d  fe szugviesEwinessuy (d-spacing) lnamsAuInRInnguewusna

(v-1)

a fie wnvemeiwad (lattice constant) (A)
h,k,1fe Adailvessyuy
feduMIAnMILIATeWIswaduasi st e unludieneenlyd fiegn CeO,-
Urea 910Ut 4.1 Usuumsidenuussdiendues CeO,- Urea tisufuguuuumsiasaiuy
nsdeyamnsguvesdiFunoenles (CeO,, JCPDS tavil 00-034-0394)
970 Awwiivesszuv h k1 wiru 1,1,1

N MIAIUTTILINTININTEUI (d-spacing) INNYUBIUINA Wiy 3.1268

a
IMNANT d=———=
u vhZ2+ k2+12
a-3.1238 x V12 +12 + 12
a =5.4159 (A

v &

Aeduiivndseunu (111) @a1U150MUNNTUIAYBIINBWadlawinAY 5.4159 (A)

M99 A-1
Peak D (k) | Vyhz +k2 +12 a (A
1 3.1238 (111) 1.7321 5.4159
2 2.7078 (200) 2.0000 5.4156
3 1.9144 (220) 2.8284 5.4146
4 1.6323 (311) 3.3166 5.4139
wwavaiaBadiaie + SD 5.4150 + 0.009

MsmuamuuIaNEn (crystallize size) vossusauiseunludisoueenluvia 6
Mot vilalasnisldanslunisAnuainaunisveawesises (Scherrer’s equation) A

wansluansnoluil
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5 kA
v " PBcosH

< o
g D Ae vumeyA

(v-2)

k Ao Aeadliievindu 0.94

A A AuEMARUYEITIEENG (CuKy) Sy 0.15806 wiluwns

B Ao A1A1uni1ed Aruged anid aveaia (Full width at half
maximum; FWHM) ‘uaaﬁﬂ'l.uqumﬁauﬁ 20

0 fio anvasMaEEILY (ifey)

fagnnsmummvuaRanesiusujisonunludiGsusenlys fegn CeO,- Urea 310

]

5U# 4.1 jUnuumsidsauuiidiendues CeO,- Urea Wisufuguwuumadenuumatoya
WPs§INTIeeaniend (CeO,, JCPDS Wil 00-034-0394)
Tne 26 = 28.5214°
ald 8 = 14.2607°
PnramTinTeiiisuiudoyauinsgiu JCPDS il 00-034-0394 Tipsizilaen
A ugefimiliwesiia (FWHM) vasudasfin Tnefl 26 = 28.5214° fidauninei
arwigenavilwesiawiniy 0.5772°

911 180° wihiiu mrad
n(rad) x 0.5772°

81 0.6630° LAY = 0.0101 rad
180°
; 5 KA
FNENT =
v cosB

5 0.94 X 0.15406
" (0.0101 rad) x cos(rad(14.2607))

D=14.83 nm

71 20 = 28.5214° EUNTARIUINTUIARENIMVIRY 14.83 nm



A1IN A-2

Peak 20 (hkV) FWHM B BcosO L (nm)
1 28.5214 (111) 0.5772 0.0101 0.0098 14.83
2 33.0525 (200) 0.5266 0.0092 0.0088 16.43
3 335593 (220) 0.3520 0.0128 0.0118 12.31
4 47.4509 (311) 0.7364 0.0135 0.0120 12.10
wwardnieds + SD 13.92 + 2.09

76
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ANANUIN 3§
NSAUINIGINDIAUTTNDUAIUN W]
allaNaveIsINaIAYITENeY

fotars1npRUsEney = X Sovazvpsiminaissznou
WalaNaYeIAITUTENBY

LAvLIAYDIF NI TENDY
338w (Ce) Savnaminniu 140 ¢/mol wazeandiau (O) diavanaintu 16 ¢/mol
msmesrlszneulasihvdnuesiiseiusaujizediseusenles (CeO,)

ANNuSoars Ny

, 140
WNUAN ; — x 100 = 8140 %
172
ANNMToYaLsIARBNTAY
' 32
LNUAN ; — x 100 = 18.60 %

172
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ANANUIN 9

N1IAMUIUMIANYBIINTENINUAUNGNUVDIRATIUFAToUTaue

NGNS

A &
ne9 a fs

A Ao

ahv = B(hv-Ex)" (8-1)
o = (2.303)A/1 (9-2)
V=c/A (3-3)

U QU =Y Q‘
AduUsEavsnisganiu
L A w
ANMINVDINGIA (6.626x10734 J.s)
o o 4
anuduedlnneuinnnssnu (s
' o
AAgh
ANTDITNTENINUOURAIU (eV)
Amat (1/2 Wumsveuliuawirulalaense wse 2 Wunisueu
Wuasinlngden wie 3/2 liaunsoganiuuasle)
U =l
ANANALLAS
v ¢ o) o o
AMUNIBLEaa (cm) Balneviluiian 1 cm
g 8
AMULSILAY (2.98x10° m/s)

o
AUIAGU (nm)

AYRIINTENIRLaUNS U (E) Tann1snaennsiwszwing Energy gap (WU X)

o (Y 1/2 g [} J a 1 aaa < o 3
AN hv AU (ahv)¥2 sndregeanisAunnaindaswinsounludisousenlen

@ ) o oo o o o a ) a
#9819 CeO;, - Urea ‘UQNﬂqﬂﬂﬂaULLﬂQWﬂﬁquFJ'T)ﬂau 402 u’ﬂutu(ﬂ'ﬁ LLaguﬂqﬂqiﬂﬂﬂaULLaﬂ

(A) 1.0850
, . 2.303X%1.0850
A1 o lesuvuAtluaunig (3-2) o=
a= 2.4899
\ \ 2.98x108
A1 v lagunuailudunis (-3) V= ——
402x10-9

1181 hv laenisunuan

Wagumbou eV

v=7.04129 x 10!
hv = (6.626 x 107%) x (7.4129 x 10'%) J
hv = 49118 x 10° J

49118 x 10719
1.61 X 1019
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dy A N o v N =~ = ' 5 ' N ) N o N
wnansiiduenarsianubidwniunislynuiiensfnwmntu lueugalnillsdsslosununisan
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dy A N o v N =~ = ' 5 ' N ) N o N
wnansiiduenarsianubidwniunislynuiiensfnwmntu lueugalnillsdsslosununisan
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